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(54) FRAME FOR A MOTOR VEHICLE

(57) A frame (100) for a motor vehicle (1) includes a
body cell (2), a front suspension attachment structure
(12), an engine compartment structure (502) comprising
a lower portion (503) and an upper portion (504), a rear
suspension attachment structure (505), a front absorp-
tion element (16), a rear absorption element (516),
wherein the front absorption element (16) and the rear
absorption element (516) comprise aluminium, the front
suspension attachment structure (12) and the rear sus-
pension attachment structure (505) comprise aluminium,

the lower portion (503) comprises aluminium and the
upper portion (504) comprises carbon fibre, wherein
the body cell (2) comprises a carbon fibre shell (310)
and at least two first walls (311, 312) facing one another
so as to define a cavity (313) between the first walls (311,
312) and one or more carbon fibre partitions (324), ar-
ranged inside thecavity (313)andextending transversely
to the firstwalls (311, 312)between twoends respectively
connected to the first walls (311, 312) seamlessly.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority from Ita-
lian patent application no. 102023000013173 filed on
June 26, 2023, the entire disclosure of which is incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The invention relates to a frame for a motor
vehicle, in particular a sports motor vehicle.

PRIOR ART

[0003] As it is known, the frame of a motor vehicle has
both a supporting function for supporting body elements,
i.e. external covering sheet metal, such as the bumper or
hood or various connecting brackets, and a shock ab-
sorption function.
[0004] For this reason, the frame must comprise a
plurality of portions, some of them being more suitable
for the support function, for which they must have high
stiffness and strength characteristics, and others being
more suitable for the absorption function, for which they
must have high deformability characteristics.
[0005] In addition, the frame normally comprises a
body cell, which internally defines a passenger compart-
ment to accommodate at least one driver and possible
passengers.
[0006] For safety reasons, the cell must be particularly
stiff and resistant, so as not to crumple on the guests in
the passenger compartment in the event of an accident.
[0007] Taking all these features into account, the need
to improve known frames is particularly felt.
[0008] More in particular, by way of example, frames
need to be improved in terms of overall lightness, as well
as, if necessary, in terms of an ideal spatial distribution of
the components, so that the available volumes are suffi-
cient for the allocation of all the devices necessary or
advantageous for the operation of the motor vehicle,
however without compromising or even just jeopardizing
the support and absorption functions of the frame.
[0009] Furthermore, in thesamecontext, there isalsoa
need to efficiently and effectively integrate the functions
of the frame from the point of view of the overall dimen-
sions with the functions of the typical devices of motor
vehicles used to convey external air to specific parts of
the relativemotor vehicle, suchas, for example, channels
for conveying cooling air to the brakes or the passenger
compartment air conditioning device.
[0010] In addition, the frame needs to be designed so
as to findagoodcompromise in limiting an increase in the
extensionof theportionsused for theabsorption function,
while increasing their capacity in the progressiveness of
shock absorption or in reducing the deceleration of the
vehicle due to the impact.

[0011] Anobject of the invention is to fulfil at least oneof
the needs discussed above, preferably in a simple and
reliable fashion.

DESCRIPTION OF THE INVENTION

[0012] Said object is reached by a frame for a motor
vehicle as defined in claim 1.
[0013] The dependent claims define special embodi-
ments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Hereinafter, an embodiment of the inventionwill
be described, in order to allow the latter to be better
understood, by way of non-limiting example and with
reference to the accompanying drawings, wherein:

- figure 1 is a perspective view of a motor vehicle
comprising a frame according to the invention,

- figure 2 is a perspective view of the motor vehicle
from a lateral point of view,

- figure 3 is a schematic perspective viewof the frame,
- figure 4 is a schematic perspective view, on a larger

scale, of a rear portion of the frame,
- figure 5 is a perspective view of the motor vehicle

from the inside of a passenger compartment thereof,
- figure 6 is a perspective view of a front portion of a

body cell of the frame,with parts removed for greater
clarity,

- figure 7 is a schematic perspective view of a front
portion of the frame;

- figure 8 is an enlargement of figure 7, with some
components removed for greater clarity,

- figure 9 is a perspective view, on a larger scale, of a
channel extending through the front portion of figure
7,

- figure 10 is a perspective view showing a step of a
method for manufacturing the body cell,

- figure 11 is a cross-sectional view showing a further
step of the manufacturing method,

- figure 12 is an exploded view of a closed mould
during the manufacturing method, and

- figure 13 is a perspective view showing the mould of
figure 12 in an open configuration,

- figure 14 is a cross-sectional view showing a step of
themanufacturingmethod subsequent to the step of
figure 11,

- figure 15 is a schematic view of a model of a casting
mould and of a sand casting mould obtained using
the model, and

- figure 16 is a schematic viewof a casting plant where
a component of the frame is manufactured using the
casting mould of figure 15.

EMBODIMENTS OF THE INVENTION

[0015] In figure 1, reference number 1 is used to in-
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dicate, as a whole, a motor vehicle.
[0016] Likeallmotor vehicles, themotor vehicle 1hasa
normal travel direction and comprises a passenger com-
partment 200 to accommodate at least one driver and, if
necessary, one or more passengers.
[0017] The motor vehicle 1 comprises a frame 100,
which, in turn, comprises a body cell 2, which defines or
surrounds the passenger compartment 200. For exam-
ple, the body cell 2 can be monolithic. Furthermore, the
body cell can comprise or be made of carbon fibre.
[0018] Thebody cell 2 comprises, in particular, a lateral
end 307 in schematic form. The term "lateral" is to be
understood with reference to the orientation according to
which the body cell 2 will be arranged in the context of the
motor vehicle 1 and with reference to the travel direction
thereof. Alternatively, the term "lateral" could also be
understood with reference to the orientation of the pas-
senger compartment.
[0019] The lateral end 307 is open towards the pas-
senger compartment 200, i.e. it has an opening that
allows a person to enter the passenger compartment
200.
[0020] In particular, the opening of the lateral end 307
canbeoccupiedbya sidedoor 304of themotor vehicle 1,
in particular in a closed position, i.e. a position in which
the side door 304 prevents the person from entering the
passenger compartment through the opening.
[0021] In other words, the side door 304 in the closed
position covers or hides the opening and also the lateral
end 307 from a point of view on the outside of the motor
vehicle 1.
[0022] The side door 304 is coupled to the frame100 in
a movable and, more precisely, rotary manner between
the closed position and at least one open position, in
which access to the opening is allowed.
[0023] The lateral end 307 comprises a beam, in parti-
cular a box-shaped beam. The beam extends along a
straight direction or axis AA, in particular parallel to the
travel direction or, in any case, oriented longitudinally, i.e.
oriented so as to flank the side door 304 in the closed
position.
[0024] The beam has a concave profile according to
the axis AA; in the context of the motor vehicle 1, the
profile of the beam is concave upwards. In other words,
the profile of the beam is concave towards the opening of
the lateral end 307.
[0025] The beam specifically is a single piece and
comprises two uprights 308 defining the respective ends
of the beam according to the axis AA. In addition, the
beam comprises a longitudinal member or door sill 309
extending along the axis A between the uprights 308.
[0026] The door sill 309 is connected to the uprights
308 seamlessly, namely it forms a single body with the
uprights 308.
[0027] Theuprights 308 extend transversely relative to
the axis A.
[0028] Therefore, the uprights 308 form the concavity
of the profile of the beam.

[0029] In addition to the lateral end 307, the body cell 2
also comprises a non-shown bottom defining a floor-
board or a floor of the passenger compartment.
[0030] More indetail, thebodycell 2 comprisesanother
lateral endopposite and identical to the lateral end307, in
particular according to a horizontal direction, which is
orthogonal to the travel direction.
[0031] The floorboard extends between the lateral end
307 and the other lateral end.
[0032] The floorboard is preferably connected to the
lateral end 307 seamlessly, i.e. the floorboard forms a
single bodywith the lateral end307andpossibly alsowith
the other lateral end.
[0033] In general, the body cell 2 comprises at least
one shell 310, which comprises carbon fibre.
[0034] The body cell 2 can be understood as a single
shell 310 or as a plurality of shells 310 interconnected
with one another, regardless of the type of connection
between the shells 310. For example, the shells 310 can
be connected to one another seamlessly, i.e. so as to
form a single, i.e. monolithic, body comprising carbon
fibre.
[0035] In this specific case, the beam of the lateral end
307 constitutes a shell 310, as well as the floorboard
preferably constitutes a shell 310.
[0036] The followingdescription, for thesakeof brevity,
will relate to one single shell 310, i.e. in particular the
beam of the lateral end 307.
[0037] However, the teachings provided herein for the
shell 310 described in detail can directly apply to other
shells 310 of the body cell 2 or even to the entire body cell
2 considered as a single shell. In other words, each
feature disclosed for the shell 310 described in detail
can also apply to all other shells 10 of the body cell 2 or
even to the entire body cell 2 considered as a single shell.
[0038] The shell 310 has at least two walls 311, 312
facing one another so as to at least partially define or
delimit a cavity 313 between the walls 311, 312.
[0039] Specifically, the walls 311, 312 are transversal
to the axis AA.
[0040] The beam of the lateral end 307 or the shell 310
can also have other walls at least partially delimiting or
defining the cavity 313, in addition or alternatively to the
walls 311, 312.
[0041] For example, each or even a single one of the
uprights 308 is delimited, according to theaxisAA, by two
walls 315, 316 transversal to the axis AA.More precisely,
the walls 315, 316 extend between the walls 311, 312
transversely to the walls 311, 312.
[0042] In particular, the walls 315, 316 face one an-
other.
[0043] Furthermore, each or even a single one of the
uprights 308 is delimited by respective wall portions 317,
318 of the walls 311, 312.
[0044] Hence, the wall portions 317, 318 and the walls
315, 316 form one or each of the uprights 308.
[0045] Thewall portions 317, 318 or the walls 315, 316
faceoneanother soas toat least partially defineordelimit
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a cavity 314 that is part of the cavity 313. The cavity 314 is
completely defined or delimited by thewalls 315, 316 and
by the wall portions 317, 318. Each of the uprights 308
can define the corresponding cavity 314, for example by
means of thewalls 315, 316 or thewall portions 317, 318.
[0046] Similar concepts also apply, for example, to the
door sill 309, which is delimited by respective wall por-
tions 319, 320 of the walls 311, 312.
[0047] Furthermore, the door sill 309 is delimited, ac-
cording to an axis CC, by two walls 321, 322 transversal
to the axis CC, the axis CC being transversal to the axis
AA.More precisely, thewalls 321, 22 extend between the
walls 311, 312 transversely to the walls 311, 312.
[0048] In addition, the wall 321 extends between the
walls 315 of the two uprights 308 transversely to thewalls
315,whereas thewall 322extendsbetween thewalls 316
transversely to the walls 316.
[0049] In particular, the walls 321, 322 face one an-
other.
[0050] The shell 310 further comprises a plurality of
partitions 324 comprising carbon fibre.
[0051] Each of the partitions 324 can comprise or be
defined by a plate, in particular a flat plate.
[0052] Each of the partitions 324 extends transversely
to the walls 311, 312 between ends respectively con-
nected to the walls 311, 312 in a seamless manner, i.e.
forming a single body with the walls 311, 312.
[0053] Alternatively or in addition, each of a first group
of partitions 324 extends transversely to the walls 315,
316 of one or the other of the uprights 308 between ends
respectively connected to the walls 315, 316 in a seam-
lessmanner, i.e. forming a single bodywith thewalls 311,
312.
[0054] Alternatively or in addition, each of a second
group of partitions 324 extends transversely to the walls
321, 322 of the longitudinal member 309 between ends
respectively connected to the walls 321, 322 in a seam-
lessmanner, i.e. forming a single bodywith thewalls 321,
322. Specifically, the second group of partitions 324
consists of one of the partitions 324.
[0055] Preferably, some of the partitions 324 can be
grouped together to form geometric shapes, which may
be complex.
[0056] For example, two of the partitions 324 have
respective surfaces 325, 326, in particular transversal
to thewalls 311, 312,which extend on respective incident
planes at an acute angle, so that said two partitions 324
form a V-shaped or crocodile-mouth structure, as best
seen from the drawings.
[0057] Furthermore, three of the partitions 324 have
respective surfaces 327, 328, 329, in particular transver-
sal to thewalls 311, 312, the surfaces327, 329 facing one
another and being both transversal to the surface 328,
whereby the said three partitions 324 form aC-shaped or
omega-shapedorU-shaped structure, as visible from the
drawings.
[0058] In general, the shapeand/or the arrangement of
the partitions 324 is optimized, for example by using

design-aid computer programs, in particular based on
finite element calculation, with the aim of maximizing the
resistance of the shell 310 to impacts and/or optimizing a
ratio between the sturdiness and the overall weight of the
shell 310.
[0059] The partitions 324 are arranged so as to divide
the cavity 313 into a plurality of separate compartments
332.
[0060] Furthermore, at least the majority of the parti-
tions 324 are located in the area of the uprights 308,
namely inside the cavities 314 of the uprights 308.
[0061] According to a particular embodiment, the body
cell 2 further comprises a plurality of bags 360 respec-
tively arranged inside the compartments 332.
[0062] Possibly, the bags 360 could be fewer than the
compartments 332. Hence, the body cell 2 could also
comprise a single bag 360 inside a corresponding com-
partment 332.
[0063] A method for manufacturing the body cell 2 will
be described hereinafter.
[0064] More precisely, the method for manufacturing
the above-described shell 310 with the partitions 324
therein will be described in detail, whereas the methods
for manufacturing the other shells 310 will not be de-
scribed in detail as they are substantially similar to the
one described below.
[0065] In other words, each of the features of the
method disclosed herein is directly applicable, in an
independent manner, to the methods for manufacturing
each of the shells 310 or even the entire body cell 2
considered as a single shell.
[0066] The method comprises providing a mould 340
having inner walls configured or suitable to define the
cavity 313. In other words, the inner walls of the mould
340, clearly understood as a closed mould, enclose a
cavity identical to the cavity 13. In yet other words, the
inner walls of themould 340 delimit a cavity including the
cavity 313.
[0067] In view of this, the term cavity 313 will be used
herein to identify both the actual cavity 313 of the shell
310 at the end of themethod and the cavity 313 inside the
closed mould 340.
[0068] The mould 40 comprises, in particular, at least
twoportions341,342.More inparticular, themould 340 is
closedwhen the twoportions 341, 342are coupled to one
another so as to enclose the cavity 313.
[0069] Therefore, the inner walls of the mould 330
include first innerwalls 343 of the portion 341 and second
inner walls 344 of the portion 342.
[0070] Themethod comprises fixing the partitions 324,
already previously cured and therefore in their finished
product state, to the mould 340.
[0071] Hence, the partitions 324 are arranged inside
the mould 340 dividing the cavity 313 into compartments
332.
[0072] More precisely, therefore, the partitions 324 are
fixed to the portion 341 of the mould 340.
[0073] For example, the partitions 324 are fixed,
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namely held in their positions, by threadedmembers331,
such as bolts.
[0074] The method can further comprise placing a
plurality of raw carbon fibre sheets 346 on the inner walls
343 in positions suited to form at least the wall 312.
[0075] Then, the inner walls 343 are configured to form
at least the wall 312.
[0076] Actually, specifically, the raw carbon fibre
sheets 346 are arranged on the inner walls 343 so as
toalso form thewalls 315, 316of eachof theuprights308,
as well as to form the walls 321, 322 of the door sill 309.
[0077] Hence, the inner walls 343 are further config-
ured to also form the walls 315, 316 and the walls 321,
322.
[0078] Further carbon fibre sheets 346 can also be
placed on the partitions 324, in particular independently
on each of their surfaces.
[0079] Furthermore, preferably, the partitions 324 are
connected to the rawcarbonfibresheets346bymeansof
adhesive films configured tomelt or at least soften during
heating in an autoclave so as to facilitate the joining
between the carbon fibre sheets 346 being heated and
the partitions 324.
[0080] The carbon fibre sheets 346 comprise, in parti-
cular, a carbon fibre fabric impregnated in a resin,more in
particular of the thermosetting type.
[0081] As shown in figures 2 and 3, the portion 41
defines an inner cavity of its, which substantially includes
the cavity 13.
[0082] Optionally, the method comprises a first auto-
claveheatingof the rawcarbonfibre sheets346arranged
on the inner walls 343. In the first heating, the raw carbon
fibre sheets 346 are heated together with the partitions
324 fixed to the portion 341 in the area of the inner walls
343.
[0083] Hence, the first heating is performed by placing
the portion 341 with the raw carbon fibre sheets 346 and
the partitions 324 in the autoclave, without the portion
342.
[0084] More in detail, before placing the portion 341
with the rawcarbonfibresheets46and thepartitions24 in
the autoclave, the portion 341 with the raw carbon fibre
sheets 346 and the partitions 324 is enclosed under
vacuum inside a vacuum bag 355.
[0085] The vacuum bag 355 comprises at least one
valve device 356 configured to connect the vacuum bag
355 to a vacuum pump 357.
[0086] The vacuum pump 357 is connected to the
vacuum bag 355 by means of the valve device 356.
Hence, the vacuum pump 357 is used so as to suck
the air inside the vacuum bag 355 containing the portion
341 with the raw carbon fibre sheets 346 and the parti-
tions 324. In this way, the portion 341with the raw carbon
fibre sheets 346 and the partitions 324 is put under
vacuum.
[0087] At this point, the first heating is carried out by
placing the vacuum bag 355 containing the portion 341
with the raw carbon fibre sheets 346 and the partitions

324 in the autoclave.
[0088] Clearly, the first firing is carried out by operating
the autoclave.
[0089] After the first heating, the vacuum bag 355 is
removed, for example by breaking or simply pulling it
away after having reintroduced air into the vacuum bag
355 through the valve device 356.
[0090] At this point, the method comprises placing a
plurality of raw carbon fibre sheets 358 on the inner walls
344 in positions suited to form at least the wall 311.
[0091] The raw carbon fibre sheets 358 preferably are
of the same type as the raw carbon fibre sheets 346.
[0092] The raw carbon fibre sheets 358 and/or the raw
carbon fibre sheets 346 can be held in their positions, for
example, by means of adhesive films configured to melt
or at least soften during heating in the autoclave.
[0093] Then, themould 340 can be closed with the raw
carbon fibre sheets 358, the partitions 324 and, if neces-
sary, also the carbon sheets heated because of the first
heating on the inside.
[0094] The method further comprises a second auto-
clave heating of the raw carbon sheets 358 arranged
inside the mould 340 and, more precisely, on the inner
walls 334, together with the partitions 324 and, in parti-
cular, also the carbon fibre sheets heated with the first
heating.
[0095] More in detail, before the second heating, the
method comprises placing the bags 360 inside the re-
spective compartments 332 in the mould 340.
[0096] The mould 340, in particular when it is closed,
has at least one corresponding opening 361 for each of
the compartments 332, so that the openings 361 estab-
lish a communication between the respective compart-
ments 332 and the outside of the mould 340.
[0097] In other words, the mould 340 is configured to
define or defines the openings 361 to establish a com-
munication between the respective compartments 332
and the outside of the mould 340.
[0098] Clearly, the openings 361 are through open-
ings, in particular through the inner walls 343 or the inner
walls 344.
[0099] The bags 360 have respective air inlets 363,
through which the bags 360 can be inflated with pressur-
ized air. The air inlets 363 are suited to let pressurized air
into the bags 360.
[0100] The bags 360 are arranged inside the compart-
ments 332 with the air inlets 363 on the outside of the
mould 340 through the openings 361.
[0101] Therefore, the air inlets 363 project out of the
mould 340, even when it is closed, through the openings
361.
[0102] In this way, during the second heating, the
mould 340 contains the bags 360, which are inflated
by the pressurized air of the autoclave. Indeed, the
pressurized air flows into the bags 360 through the air
inlets 363 projecting out of the mould 340 through the
openings 361.
[0103] By inflating, the bags 360 press the raw carbon
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fibre sheets 358 against the inner walls 344 during the
second heating.
[0104] Therefore, thedimensionsof thebags360allow
thebags360 themselves toexpandunder thepressureof
the pressurized air inside the compartments 332, occu-
pying a volume equal to that of the compartments 332.
[0105] The mould 340 and, more in particular, the
portion 341 can have openings 365 to allow the bags
360 to be extracted from the mould 340 after the second
heating.
[0106] The openings 365 are through openings going
through the inner walls 343.
[0107] The bags 360 can be approved to be reusable,
in particular for further heating.
[0108] Alternatively, the bags 360 can be left inside the
compartments 332, which will remain the compartments
332 of the shell 310 or of the body cell 2. In this case, the
openings 365 can be particularly small or even absent.
[0109] The result of the second heating is, in this
specific case, the shell 310.
[0110] Conveniently, the mould 340 is enclosed under
vacuum, during the secondheating, inside a vacuumbag
371.
[0111] The vacuum bag 371 comprises at least one
valve device 372 configured to connect the vacuum bag
371 to a vacuum pump 373.
[0112] The use of the vacuum bag 371, of the valve
device 372 and of the vacuum pump 373 is respectively
similar to that of the vacuum bag 355, of the valve device
356 and of the vacuum pump 357 and will not be de-
scribed in further detail.
[0113] The vacuum bag 371 is connected, in a fluid-
tightmanner, to eachof the bags360on theoutside of the
mould 340.
[0114] The air inlets 363 of the bags 360 project out of
the vacuum bag 371, so that they can perform their
function.
[0115] Therefore, the air inlets 363 continue to allow
pressurized air from the autoclave to flow into the bags
360, so that the bags 360 are inflated.
[0116] At the same time, since the vacuum bag 371 is
fluidtightly connected to the bags 360, pressurized air
does not flow into the vacuum bag 371, so that the
vacuum can be maintained inside the vacuum bag 371.
[0117] At the end of the second heating, the vacuum
bag 371 can be removed, for example by breaking or in
any case in amanner similar to how the vacuum bag 355
is removed.
[0118] Once the vacuum bag 371 has been removed,
the shell 310 or, if necessary, the body cell 2 is manu-
factured.
[0119] The first heating is optional and, therefore, it
could be omitted. In this case, the second heating be-
comes a single heating of all the carbon fibre sheets 346,
358, together with the partitions 324 in the closed mould
340.
[0120] All the features described above for the second
heating can also apply to one single heating.. Therefore,

the bags 360 and the vacuum bag 371 can be used as
described above.
[0121] Furthermore, the motor vehicle 1 includes a
plurality of outer panels, namely visible from the outside
of the motor vehicle 1, such as a hood 205, a windshield
206 and, if necessary, a roof 207. The outer panels are
supported in a fixed position by the frame 100, namely
they are fixed relative to it.
[0122] In this specific case, the hood 205 is a front
hood, according to the travel direction of the motor ve-
hicle 1.
[0123] The frame 100 further comprises a windshield
frame 210, which surrounds the windshield 206. The
latter is fixed to the windshield frame 210 in an area with
a closed contour defined by the windshield frame 210.
Hence, the windshield 206 is surrounded by the closed
contour.
[0124] Thewindshield frame210comprisesacrossbar
211 constituting a support base for supporting the wind-
shield 206. In other words, the crossbar 211 is arranged
under the windshield 206.
[0125] Furthermore, the crossbar 211 protrudes rela-
tive to the windshield 206 along the travel direction of the
motor vehicle 1, in particular at the front relative to the
windshield 206.
[0126] The crossbar 211 is at least partly or completely
covered by the hood 205.
[0127] The crossbar 211 comprises or, more precisely,
is a beam, in particular of the box-shaped type, more in
particular with a greater width extension, namely along a
direction BB orthogonal to the travel direction and trans-
versal to the sides of the motor vehicle 1.
[0128] Specifically, since the windshield 206 extends
according to a curved and concave surface towards the
passenger compartment 200, the crossbar 211 has a
curved shape, in particular with a radius of curvature
belonging to a plane defined by the direction BB and
by the travel direction. However, this is not essential, as
both the windshield 206 and the crossbar 211 can have
different shapes, without lacking generality.
[0129] In addition, thewindshield frame210 comprises
apair of uprights 212 respectively fixed toopposite lateral
ends of the crossbar 211, namely opposite ends relative
to the direction BB.
[0130] Theuprights 212 extend transversely relative to
the crossbar 211, in particular upwards, so as to form the
aforementioned area with a closed contour for position-
ing the windshield 206.
[0131] Optionally, the closed contour is completed by a
further crossbar 213 of the windshield frame 210 extend-
ing parallel to the axis BB. The crossbar 213 has two
lateral ends, namely according to the axis BB, fixed to the
uprights 212.
[0132] In particular, the crossbar 213 also supports the
roof 207. The crossbar 213 is arranged above the up-
rights 212 and clearly also above the crossbar 211. In
case themotor vehicle 1 is convertible or without the roof
207, the crossbar 213 could consequently be absent,
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without in any case the area for positioning the wind-
screen 206 beingmodified. As amatter of fact, the closed
contour canalsobedefinedby thearea forpositioning the
windshield 206 and not necessarily by the frame 210.
[0133] The crossbar 211 comprises a plurality of walls,
which include at least one wall 214 facing downwards or
on the opposite side with respect to the windshield 206
and, consequently, to the area for positioning the wind-
shield 206.
[0134] Specifically, the wall 214 is opposite, i.e. facing
away from another wall 215 of the crossbar 211; the wall
215 can support the windshield 206, namely form a base
for the windshield 206.
[0135] The crossbar 211 also comprises a wall 216,
which is transversal to both walls 214, 215 and faces the
passenger compartment 200.
[0136] Furthermore, the crossbar 211 comprises awall
217, which is transversal to the wall 214 and, specifically,
also to the wall 215.
[0137] The wall 217 extends so as to be transversely
incident to the wall 214.
[0138] In particular, the wall 217 is curved, more in
particular according to the already mentioned radius of
curvature. In the embodiment shown herein, the wall 217
is a portion of a side wall of a cylinder. The axis of the
cylinder is oriented upwards or is orthogonal to a floor-
board of the frame 100.
[0139] The wall 217 is at the front with respect to the
windshield 206 or to the wall 216.
[0140] The frame 100 advantageously comprises a
duct 220 extending through the crossbar 211.
[0141] The duct 220 extends between an opening 221
made in thewall 217 andan opening222made in thewall
214.
[0142] More precisely, the duct 220 is defined by a
chamber completely inside the crossbar 211.
[0143] Thechamber is open through theopenings221,
222. In particular, the wall 217 has another opening 221,
for example side by side and specifically identical to the
previous one.
[0144] The openings 221 communicate with the envir-
onment outside the motor vehicle 1 so as to be able to
introduce air into the duct 220. In fact, the openings 221
communicate, in particular in a direct manner, with a
compartment of the motor vehicle 1 covered by the hood
205.
[0145] Optionally, the crossbar 211 can have ribs in-
side the chamber or duct 220 with the function of reinfor-
cing or increasing the resistance to stresses of the cross-
bar 211, which is inevitably slightly weakened, from a
structural point of view, by the presence of the duct 220.
Actually, the ribs are sufficient to totally compensate for
the slight weakening caused by the presence of the duct
220.
[0146] For example, each of the ribs can extend from
anyone of thewalls 214, 215 towards the other one of the
walls 214, 215 or be directly connected to both walls 214,
215, thus defining a partition. The partition could also

delimit the chamber or duct 220, namely define a wall of
the chamber or duct 220.
[0147] Preferably, thewall 214comprisesaportion223
concave downwards, namely towards the opposite side
with respect to the area for positioning the windscreen 6.
[0148] In particular, the opening 222 is obtained in the
portion 223.
[0149] As explained more clearly below, the portion
223 defines a recess of the wall 214; in turn, the recess
has the function of a seat for introducing objects or
devices therein.
[0150] The remaining portion of the wall 214, distinct
from the portion 223, is identified by reference number
224.
[0151] The portion 223 comprises a flat area 225 in-
clined with respect to the portion 224, where which the
opening 222 is obtained.
[0152] Therefore, the opening 222 extends according
to an ideal surface corresponding to an ideal continuation
of the flat area 225; a straight line orthogonal to the flat
area 225 or to the ideal surface is oriented towards a side
of themotor vehicle 1. Said straight line is coplanar to the
axis BB and, therefore, defines with the latter a plane,
which, in turn, is orthogonal to the travel direction.Hence,
the straight line orthogonal to the flat area 225 or to the
ideal surface belongs to a plane orthogonal to the travel
direction.
[0153] The flat area 225 is a particular example, but it
could be replaced by a corresponding non-flat area. In
this case, a tangent plane would still exist. Said tangent
plane would have the same properties as the flat area
225.
[0154] The opening 222 communicates, in particular in
a direct manner, with a housing 226 defined by the frame
100; the housing 226 comprises the aforementioned
recess with a seat function.
[0155] The housing 226 distinct from the passenger
compartment 200. In particular, the frame 100 comprises
a firewall 227, which divides the housing 226 from the
passenger compartment 200.
[0156] The housing 226 is arranged in front of the
passenger compartment 200, according to the travel
direction of the motor vehicle 1.
[0157] Hence, the housing 226 communicateswith the
duct 220 through the opening 222.
[0158] Themotor vehicle 1 comprises an air condition-
ing device 230 configured to condition the passenger
compartment 200, i.e. to cool or heat the passenger
compartment 200.
[0159] The device 320 is known in the industry and,
therefore, it will not be described in further detail.
[0160] The device 230 is arranged within the housing
226, namely is contained therein.
[0161] The device 230 conditions the air contained in
the housing 226 and introduces it into the passenger
compartment 200.
[0162] Therefore, the firewall 227 is provided with suf-
ficient ducts, which are not shown herein, to allow the
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device 230 to introduce air into the passenger compart-
ment 200.
[0163] The motor vehicle 1 further comprises at least
one, some or all of the typical components, such as a
suspension3,asteeringknuckle4, awheelhub5,anaxle
shaft 6 and a steering box 7.
[0164] The wheel hub 5 has a fixed portion, which is
fixed with respect to the steering knuckle 4, and a rotary
portion, which can rotate around an axis A transversal to
the travel direction.
[0165] The fixed portion is carried by the steering
knuckle 4, whereas the rotary portion is coupled to the
axle shaft 6 so that it can be caused to rotate by the latter.
[0166] The axle shaft 6 extends along a straight axis B
parallel to theaxisA,but not necessarily coincidingwith it.
[0167] The steering box 7 extends along a further
straight axis C parallel to the axes A, B or transversal
and, more precisely, orthogonal to the travel direction.
[0168] The steering box 7 is a well-known device
coupled to the wheel hub 5 with the function of steering
the fixed portion of the wheel hub 5, in particular trans-
forming a rotary movement of a steering wheel (not
shown) of the motor vehicle 1 into a straight movement
along the axisC useful for steering the fixed portion of the
wheel hub 5.
[0169] As a matter of fact, the steering box 7 is more
generally part of a steeringapparatusof themotor vehicle
1, including, for example, also the steering wheel and
configured to steer the fixed portion of the wheel hub 5.
[0170] Furthermore, as explained in the following, the
steeringbox7canbeconsideredaspart of the frame100.
[0171] The steering box 7 comprises a steering tie rod
40 coupled to the steering knuckle 4 or to thewheel hub 5
in a known manner.
[0172] Furthermore, the steering box 7 comprises a
steering transmission configured to transmit the rotation
of the steering wheel to the steering tie rod 40, so that the
steering tie rod 40 translates in response to the rotation of
the steering wheel.
[0173] The steering transmission comprises a known
and not shown transmission element, such as for exam-
ple a rack or a worm screw, possibly with recirculating
balls.
[0174] The transmission element is coupled to the
steering tie rod40; for example, the transmissionelement
is fixedwith respect to the steering tie rod 40, in particular
fastened to the steering tie rod 40.
[0175] The steering box 7 comprises a tubular casing
41, which at least partially houses the transmission ele-
ment and extends along the axis C.
[0176] The transmission element is coupled to the
tubular casing 41 in an axially movable or translating
manner along the axis C inside the casing 41.
[0177] Therefore, the steering tie rod 40 is configured
so as to move in response to the translation of the
transmission element, thus steering the wheel hub 5,
in particular causing a rotation of the steering knuckle
4 around an axis oriented from the bottom to the top.

[0178] The transmissionelement canbecoupled to the
steering wheel by means of a kinematic chain of the
steering transmission, for example including a shaft 43
coupled to the steering wheel so as to rotate in response
to a rotation of the steering wheel and ending inside the
casing 41 with a transmission member (not shown) con-
figured to cooperate with the transmission element so as
to transmit a rotation of the shaft 43 to the transmission
element, which translates in response to the latter rota-
tion.
[0179] For example, the transmission member could
comprise a pinionmeshingwith the rack that is part of the
transmission element.
[0180] Therefore, the steering transmission can be a
typical pinion-rackmechanism, inwhich a pinion coupled
to the steering wheel meshes with a rack fixed to the
steering tie rod; the rack translates along the axis C in
response to the rotation of the pinion, which, in turn, is
caused by the steering wheel through the kinematic
chain.
[0181] Optionally, the steering box 7 can comprise an
actuator device 44 for performing a power steering func-
tion.
[0182] The actuator device 44 is carried by the casing
41andhas, for example, a casing44aof its,which is fixed
relative to the casing 41.
[0183] The actuator device 44 is configured to move
the transmission element along the axis C, for example
independently or in coordination with the rotation of the
steering wheel.
[0184] Theactuator device 44 can comprise anelectric
motor inside the casing 44a and a further transmission,
which is not shown, for transmitting the output power of
the electric motor to the transmission element.
[0185] Furthermore, the motor vehicle 1 comprises a
braking device 113 configured to brake the wheel hub 5
or, more precisely, the rotary portion thereof.
[0186] The braking device 113 comprises a first brak-
ing element 114, for example a disc, which is fixed with
respect to the rotary portion of the wheel hub 5, and a
secondbraking element 115, for example a brake caliper,
which carried by the fixed portion of thewheel hub 5 or by
the steering knuckle 4.
[0187] The second braking element 115 can be oper-
ated, for example through a known and not shown ac-
tuator, so as to be brought into contact with the first
braking element 114, thus generating a braking torque
acting upon the rotary portion of the wheel hub 5 due to
the friction developed by the contact between the braking
elements 114, 115.
[0188] In addition, the frame 100 comprises a front
frame assembly 11, in particular fixed with respect to
the body cell 2 and having, for example, the function of
supporting body elements of themotor vehicle 1, namely
external panels or sheet metal, such as for example a
bumper 8, a fender 9 and the like.
[0189] The assembly 11 comprises a front suspension
attachment structure 12, alternatively called "shock
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tower".
[0190] More precisely, the assembly 11 comprises two
suspension attachment structures or bodies 12 arranged
at the lateral ends of the body cell 2, according to a
horizontal direction orthogonal to the travel direction.
[0191] The structures 12 are parallel to one another
along respective axes D parallel to the travel direction.
[0192] The structures 12 project relative to the body
cell 2. More precisely, the structures 12 project along the
axes D from the body cell 2, in particular directly from the
body cell 2.
[0193] Thestructures 12preferably are identical to one
another. For this reason, the description below will only
disclose in detail one of the structures 12, provided that
each feature described for one of the structures 12 can
also apply to the other structure 12. Therefore, the ex-
pression "the structure 12" can indifferently refer to any of
the structures 12.
[0194] The structures 12, if necessary, could also be
considered as one single structure 12.
[0195] The structure 12 has an attachment portion 13,
which is fixed with respect to the body cell 2, namely is
fastened to the latter, for example bymeansof releasable
fixing means 14, in particular comprising threadedmem-
bers such as bolts 128.
[0196] The structure 12 has the function of supporting
the suspension 3. Indeed, the assembly 11 also com-
prises a plurality of attachment elements or attachments
15 configured to allow the suspension 3 to be coupled to
the attachment portion 13.
[0197] Some of the attachments 15 are located in the
area of the attachment portion 13, although this does not
exclude that other attachments 15 may be located in the
area of other portions of the structure 12.
[0198] Furthermore, the attachments 15 can be part of
the structure 12.
[0199] The structure 12 or rather each one of the
structures 12 can preferably be manufactured as one
single piece, for instance manufactured by means of a
casting technique or, more precisely, a die casting tech-
nique.
[0200] The suspension 3 carries the steering knuckle 4
and is coupled to the attachment portion 13 through the
attachments 15, in particular in a movable manner with
respect to the structure 12. In turn, the steering knuckle 4
is movable relative to the suspension 3.
[0201] Furthermore, the frame 100 and, more in parti-
cular, the assembly 11 comprises the steering box 7 with
the steering tie rod 40, the tubular casing 41 and the
transmission element.
[0202] The tubular casing 41 is rigidly fixed to the
structure 12.
[0203] The term "rigidly fixed" indicates that the tubular
casing 41 is fixedwith respect to the structure 12; in other
words, the casing 41 cannot make relative movements
with respect to the structure 12 that go beyond negligible
deformations or local vibrations of materials commonly
recognized as rigid, such as metals. In other words, the

tubular casing 41 is not suspended with respect to the
structure 12 bymeans of elastic devices, such as springs
or flexible bodies, possibly made of rubber.
[0204] Conveniently, the structure12comprisesaplur-
ality of threaded holes, so that the assembly 11 com-
prises a plurality of threaded members 49, for example
self-threading screws, coupled to the threaded holes and
also to the tubular casing 41 so as to rigidly fix the tubular
casing 41 to the structure 12.
[0205] More precisely, the threaded members 49 go
through respective sleeves 45 fixed with respect to the
casing 41 and arranged in the area of the threaded holes
in a coaxial manner.
[0206] Thesleeves45arepart of thesteeringbox7and
each axially extend between two end faces, one of them
being arranged around a corresponding one of the
threaded holes, whereas the other one faces the oppo-
site way.
[0207] In particular, the threaded members 49 have
respective heads 46, which are tightened in the screwing
of the threaded members 49 into the threaded holes; the
heads 46 are respectively tightened on the faces of the
sleeves 45 facing the opposite way with respective to
those arranged around the threaded holes.
[0208] The assembly 11 further comprises at least one
absorption element 16 for absorbing a front crash of the
motor vehicle 1. The absorption element 16 comprises or
rather is a longitudinal member, namely a beam, in parti-
cular a box-shaped beam, extending parallel to the travel
direction of the motor vehicle 1.
[0209] The element 16 is distinct from the structure 12
and is fixed relative to the latter, namely is fastened to it.
[0210] The element 16 extends along the straight axis
D parallel to the travel direction of the motor vehicle 1.
[0211] The element 16 extends starting from the struc-
ture 12, namely it projects relative to the structure 12, in
particular towards thebumper8.Specifically, theelement
16 directly extends starting from the structure 12, namely
it directly project from the latter.
[0212] More in particular, the element 16 extends to-
wards the bumper 8 until it endswith an end 16a opposite
the structure 12.
[0213] The structure 12 is arranged between the ele-
ment 16 and the body cell 2 according to the axis D.
[0214] Actually, the assembly 11 also comprises an-
other absorption element 17, preferably identical to the
previousoneandprotrudingparallel to theaxisD from the
other structure 12 that is not described in detail.
[0215] For the sake of brevity, as far as the absorption
elements 16, 17 are concerned, the following description
will only discuss the absorption element 16, provided that
all the teachings disclosed herein can also apply to the
absorption element 17.
[0216] Basically, the two portions of the assembly 11
defined by the absorption element 16 with the relative
structure 12 and by the absorption element 17 with the
relative structure 12, respectively, can be identical to one
another, namely have the same characteristics. More
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precisely, each of the characteristics of one portion can
apply to the other portion.
[0217] Furthermore, theassembly 11 comprisesa third
absorption element 18 for absorbing a front crash of the
motor vehicle 1. The absorption element 18 comprises or
rather is a crossbar, namely a beam, in particular a box-
shaped beam, extending transversely and, more pre-
cisely, orthogonally to the travel direction of the motor
vehicle 1, in particular a horizontal beam.
[0218] The element 18 has two ends 18a, 18b fixed to
the elements 16, 17, respectively.
[0219] The end 18a is fixed at the end 16a.
[0220] Theelements16, 17,18are individuallypart of a
crash box of the assembly 11.
[0221] The assembly 11 comprises a channel 120
continuously extending through the absorption element
16 and the structure 12 between an inlet opening 121
obtained at the end 16a along the axis D and an outlet
opening 122 obtained in the structure 12 along an axis
HH towards the area for placing the suspension 3 or
towards the braking device 113.
[0222] Specifically, the axis HH is transversal or, more
precisely, orthogonal to the D axis.
[0223] The absorption element 18 or, more precisely,
theend18ahasa throughvent123, inparticularalong the
axisD, designed to convey air to the channel 120 through
the inlet opening 121.
[0224] More in particular, the vent 123 is aligned with
the opening 121 along the axis D.
[0225] Basically, the vent 123 is adjacent to ormatches
the opening 121.
[0226] Similarly, the bumper 8 has a through vent (not
shown), in particular along theaxisD,designed to convey
air to the vent 123.
[0227] More in particular, the vent of the bumper 8 is
aligned with the vent 123 along the axis D.
[0228] Basically, the vent of the bumper 8 is adjacent to
or matches the vent 23.
[0229] The channel 120 extends along a direction 127,
which comprises, in particular, at least two segments
125, 126, the segment 125 being parallel to or, more
precisely, coinciding with the axis D; the segment 126 is,
for example, a connection between the axis D and the
axis H, namely it joins the axes D, H.
[0230] More in particular, the channel 120 is defined by
the segments 125, 126.
[0231] The segment 125 is a straight portion of the
channel 120; this straight portion extends along the axis
Dand, inparticular, extendsalonga lengthequal to that of
the absorption element 16 along the axis D.
[0232] In otherwords, the straight portion extends from
the opening 121 to the structure 12.
[0233] Consequently, the absorption element 16 is
tubular and is crossed, from side to side, along the axis
D, by the segment 125.
[0234] The segment 126 is a curved end portion, which
completely extends inside the structure 12 and ends with
the opening 122.

[0235] Preferably, the curved end portion comprises a
divergent segment, for example an end segment ending
with the opening 122 or an intermediate segment be-
tween the end segment and the segment 125.
[0236] This is not strictly limiting. In fact, in general, the
channel 120 could comprise one or more divergent seg-
ments, possibly straight or curved. Each of the divergent
segments could extend through the absorption element
16 or through the structure 12.
[0237] In this specific case, the segment 126 is entirely
divergent, although even a sole terminal portion thereof
could have been divergent up to the opening 122.
[0238] Hence, the divergent segment ends, in particu-
lar, with the opening 122.
[0239] The curved end portion is preferably defined by
walls 131, 132 joinedbyaunion129havingan increasing
radius along the curved end portion towards the opening
122.
[0240] Conveniently, the assembly 11 further com-
prises a fixing interface 130 fixed relative to the structure
12 and arranged around the opening 122.
[0241] In particular, the fixing interface 130 comprises
a bracket fixed to the structure 12. More in particular, the
bracket defines a frame that completely surrounds or
circumscribes the opening 122.
[0242] The fixing interface 130 is configured to allow a
known diffuser device, which is not shown herein, to be
fixed to the structure 12. The function of the diffuser
device is that of directing theair flowingout of the opening
122 towards the braking device 113.
[0243] In the prior art, the diffuser device is normally
used to direct air flowing out of an outlet opening of a
dedicated duct notmade through the absorption element
16 and the structure 12, but rather completely separate
from each one of the structure 12 and the absorption
element 16. This duct, clearly different from the channel
120, is absent in the assembly 11 and,more in general, in
the frame 100 or in the motor vehicle 1.
[0244] In particular, the diffuser device can be fixed to
the structure 12 through the fixing interface 130 in a
position in which it communicates with the opening
122, so as to be able to perform its function.
[0245] For example, thediffuser device canbecoupled
to the interface 130 by means of known fixing devices,
such as threaded members.
[0246] In the sameway, the fixing interface 130 can be
fixed to the structure 12 by means of known fixing de-
vices, such as threaded members.
[0247] Preferably, the structure 12 is internally hollow
and is manufactured through casting. More in particular,
the structure 12 has thicker walls, as they are more
stressed in use, and other thinner walls, which can have
a minimum nominal thickness of circa 2 mm.
[0248] In order to manufacture the structure 12, a low
pressure sand casting is used and, therefore, at first, a
model 404 (generallymade of resin) of the structure 12 is
manufactured, which reproduces the external appear-
anceof the structure 12and is divided into twohalves 405
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and 406 (a lower half 405 and an upper half 406).
[0249] The half 405 of the model has (at least) a
protuberance 407, which will form a casting channel
408, through which the molten metal will be fed in the
manner described below.
[0250] Using the two halves 405 and 406 of the model
404, the two halves 409 and 410 of the mould 411 are
obtained through lost sand casting (which reproduces in
negative the shape of the model 404 and, therefore, the
shape of the structure 12) .
[0251] The lower half 409 of the sand casting mould
411 has the casting channel 408, through which the
molten metal will be fed in the manner described below.
[0252] In particular, the two halves 409 and 410 are
joined together to form the sand casting mould 411 with
the interposition of one or more inner cores 412.
[0253] In other words, lost cores 412 are arranged
inside the two halves 409 and 410 (and will be destroyed
and eliminated after the solidification of the component);
preferably, the lost cores 412 are also made of sand with
the addition of inorganic binders.
[0254] The sand casting mould 411 is then placed in a
feeding system 413 for feeding the molten metal 414
(liquid aluminium alloy) under pressure, where the mol-
ten metal 414 is cast into the sand casting mould 411,
which, at the end of the process, when the molten metal
414 has solidified, will be destroyed to extract the com-
ponent.
[0255] The feeding system 413 feeds themoltenmetal
414 into the sand castingmould 411 at a pressure of circa
1.2 bar to allow the molten metal 414 to penetrate the
sand casting mould 411 by completely filling the whole
sand casting mould 411.
[0256] In particular, the feeding system413 causes the
molten metal to flow upwards through a casting tube 415
immersed in a bath of molten metal 414 (contained in a
crucible 416), on whose surface a preferably low pres-
sure (of circa 1.2 bar) is applied.
[0257] The feeding system 413 comprises a watertight
chamber 417, inside which an overpressure is obtained
by means of a pressurizing device 418. The watertight
chamber 417houses the crucible 416containing thebath
of molten metal 414 and in the bath of molten metal 414
there is inserted the casting tube 415, which ends in the
casting channel 408 of the sand casting mould 411; in
use, the overpressure present in the watertight chamber
417 causes the molten metal 414 to flow upwards along
the casting tube 415, which enters the sand casting
mould 411.
[0258] For example, the molten metal is an aluminium
alloy.
[0259] The above-described ways in which the struc-
ture 12 ("shock tower") can bemanufactured through low
pressure sand casting can be applied to any other hollow
component of the frame 100, especially when the com-
ponent has very thin walls (namely, having a minimum
nominal thickness close to 2mm or between 2mm and 3
mm).

[0260] The structure 12 further comprises a collapsible
portion 20 located between the element 16 and the
attachment portion 13 according to the axis D.
[0261] More precisely, the collapsible portion 20 ex-
tends along a direction orthogonal to the axisDand to the
axis C, namely a direction from the top to the bottom, for
the entire extension of the structure 12 along the same
direction. Inotherwords, the collapsible portion20hasan
extension along the latter direction equal to an extension
of the structure 12 along the same direction.
[0262] Furthermore, in particular, the collapsible por-
tion 20 is adjacent to the element 16 with respect to the
axis D. In other words, the element 16 projects from the
collapsible portion 20, more in particular directly from the
collapsible portion 20.
[0263] Some of the attachments 15 are optionally ar-
ranged in the area of the collapsible portion 20.
[0264] Preferably, the structure 12 consists of the por-
tions 13, 20, and possibly the attachments 15 in addition.
[0265] The collapsible portion 20 is less stiff to com-
pression than the attachment portion 13. In other words,
the collapsible portion 20 has a compression stiffness
that is smaller than that of the attachment portion 13.
[0266] Furthermore, the collapsible portion 20 has a
compression stiffness that is equal to or greater than that
of the element 16, although this is not strictly necessary.
In fact, according to alternative embodiments, the col-
lapsible portion 20 could be less stiff to compression than
the element 16.
[0267] In particular, the collapsible portion 20 has a
compressive strength defined by a breaking compres-
sionstressequal toanyvaluewithin a rangebetween140
kNand200 kN,morepreferably between160 kNand180
kN.
[0268] Furthermore, in greater detail, the extension of
the collapsible portion 20 according to the axis D is
smaller than half the overall extension of the structure
12 along the axis D, namely the distance between the
element 16 and the body cell 2.
[0269] More precisely, the extension of the collapsible
portion 20 according to the axis D is smaller than three
fifths of the overall extension of the structure 12 along the
axis D.
[0270] In particular, the collapsible portion 20 is such
that amaximumdeceleration of themotor vehicle 1 along
the axis D is equal to any value within a range between
15G and 25G.
[0271] Preferably, the casing 41 is fixed in the area of
the collapsible portion 20 and extends transversely re-
lative to the axis D, namely along the axis C. In this case,
the term "in the area of" means that the point of actual
fixing of the casing 41 to the structure 12 belongs to the
collapsible portion 20.
[0272] More specifically, the threaded holes are
formed in the collapsible portion 20.
[0273] In particular, according to the axis C, the
threaded holes are obtained on the inside of the absorp-
tion elements 16, 17 or between the absorption elements
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16, 17.
[0274] Advantageously, the casing 41 is the only beam
element or beam fixed in the area of the collapsible
portion 20 and extending transversely to the axis D.
[0275] In other words, the assembly 11 lacks beam
elements or beams distinct from the casing 41, fixed in
the area of the collapsible portion 20 and extending
transversely to the axis D.
[0276] Therefore, there are no beams or crossbars
connecting the collapsible portions 20 of the structures
12 extending parallel to the axis C or transversely to the
axis D.
[0277] Similarly, there are no beams or crossbars con-
necting the collapsible portion 20 of one of the structures
12 to the attachment portion 13 of the other one of the
structures 12.
[0278] In the embodiment shown herein, the assembly
11 comprises a beamor crossbar 48 fixed to the structure
12 in the area of the attachment portion 13.
[0279] The crossbar 48 extends transversely to the
axis D or parallel to the axis C. Furthermore, preferably,
the crossbar 48 is arranged between the structures 12
and,more precisely, connects thembybeing fixed toboth
structures 12 in the area of their attachment portions 13.
[0280] Preferably, the collapsible portion 20 has a
through hole along the axis C. The steering box 7 goes
through the collapsible portion 20 through the through
hole. Namely, the steering box 7 goes through the
through hole along the axis C. In particular, the steering
tie rod 40 goes through the through hole along the axis C.
[0281] Moreprecisely, thecollapsible portion20hasan
end 21, in particular an upper end, according to a vertical
axis H, i.e. orthogonal to both axes D and C. The end 21
has a recess 22, which extends deeply along the axis H.
[0282] The recess 22 accommodates the steering box
7 or, more precisely, the steering tie rod. In other words,
the steering box 7 or, more precisely, the steering tie rod
crosses the structure 12 through the recess 22, namely it
crosses or extends through the recess 22 along the axis
C.
[0283] The casing 41 extends, in particular, on the side
opposite the suspension attachments 15 with respect to
the structure 12.
[0284] In other words, the casing 41 extends between
the structures 12.
[0285] The steering tie rod 40 projects with respect to
the casing 41 or comes out of the casing 41 according to
the axis C.
[0286] The recess 22 is open along the axis H, in
particular upwards. In other words, the recess 22 has a
mouth opening, namely an upper end, extending trans-
versely to the axis H.
[0287] The recess 22 has a U-shaped or concave
shape relative to the axis H, in particular upwards.
[0288] According to the axis C, the recess 22 extends
over the entire extension or width of the collapsible por-
tion 20 along the axis C, i.e. in the area of the recess 22
itself.

[0289] Preferably, the recess 22 has a depth along the
axis H greater than at least one third of the overall ex-
tension of the collapsible portion 20 along the axis H.
[0290] Furthermore, conveniently, the recess 22 has
an extension parallel to the axis D greater than at least
one third or, more preferably, at least half of the overall
extension of the collapsible portion 20 along the axis D.
[0291] Alternatively, a ratio between the maximum ex-
tension of the recess 22 parallel to the axis D and the
overall extension of the structure 12 along the axis D is
equal to any value between 1/15 and 1/3.
[0292] Therefore, due to and in the area of the recess
22, the collapsible portion 20 has a cross section with
respect to the axis D that is weakened compared to any
cross section of the attachment portion 13with respect to
the same axis D.
[0293] Hence, in this sense, the collapsible portion 20
is generally weakened with respect to the attachment
portion 13. This is the reason for the smaller compression
stiffness of the collapsible portion 20 compared to the
attachment portion 13.
[0294] Conveniently, the collapsible portion 20 can be
further weakened, for example since the collapsible por-
tion 20 comprises one or more holes 23 extending trans-
versely to both axes D, H, for example parallel to the axis
C. In other words, the holes 23 extend along respective
directions transverse to both axes D, H or parallel to the
axis C.
[0295] Optionally, the holes 23 are substantially
aligned with the recess 22 according to the axis H. Here-
in, the term "substantially" indicates that at least one axis
parallel to the axis H extends inside the recess 22 and
simultaneously intersects or is tangent to oneof the holes
23.
[0296] Each of the holes 33 can possibly be a through
hole of the collapsible portion 20.
[0297] Preferably, the recess 22 is aligned with the first
axis D. I.e. the axis D extends inside the recess 22. For
the sake of clarity, it is recalled here that the axis D is the
axis of the beam or longitudinal member defining the
element 16.
[0298] Advantageously, the assembly 11 further com-
prises an absorber body 24 and releasable fixing devices
25, which fix the absorber body 24 on the collapsible
portion 20 in a releasable manner.
[0299] More in detail, the releasable fixing devices 25
comprise threaded elements or a fixing interface coupled
to thecollapsibleportion20 inafixedmannerwith respect
thereto. Specifically, the threaded elements comprise
threaded holes made in the collapsible portion 20 and
respective screws that can be screwed into the threaded
holes. In particular, the threaded holes extend parallel to
the axis H.
[0300] The absorber body 24 comprises or rather is a
plate preferably having a thickness of less than 20 mm,
more preferably less than 10 mm.
[0301] The absorber body 24 is fixed to the collapsible
portion 20 in the area of the recess 22.
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[0302] More precisely, the absorber body 24 covers or
defines a cover for the mouth opening of the recess 22 in
the direction of the axis H.
[0303] The absorber body 24 is basically arranged
above the recess 22.
[0304] The absorber body 24 extends parallel to the
axisDwith anextensiongreater than that of the recess22
according to the same axis D.
[0305] In particular, the absorber body 24 completely
covers the recess 22 or its mouth opening, in particular
from above.
[0306] The thickness of the plate of the absorber body
24 or defining the absorber body 24 is oriented along the
axis H.
[0307] Actually, the assembly 11 could preferably com-
prise a plurality of absorber bodies, if necessary compris-
ing or defined by respective plates, all distinguished from
one another, for example because of their thickness or
shape.
[0308] The plurality of bodies includes or comprises
the absorber body 24, whereas the other bodies of the
plurality are not shown.
[0309] The fixing devices 25 are configured to fix each
one of the absorber bodies of the plurality to the collap-
sible portion 20 in a releasable manner in the same
position in which the absorber body 24 is fixed, after
the absorber body 24 has been released and removed
from its position, namely disassembled from thestructure
12.
[0310] However, this is not limiting, since other fixing
devices distinct from the fixing devices 25 could be used
to fixeachof theotherabsorber bodies that arenot shown
herein.
[0311] Hence, the absorber body 24 can be replaced
by any of the other absorber bodies, which may not
actually be mounted on the motor vehicle 1 or fixed to
the structure 12.
[0312] The plurality of absorber bodies rather create a
set of interchangeable components or bodies with a
different stiffness and deformability.
[0313] Optionally, the absorber bodies can be supplied
in a kit and/or identified bymeans of distinct identification
signs, for example abbreviations or colours.
[0314] The frame 100 further comprises a rear frame
assembly 501, in particular fixed with respect to the body
cell 2 and having, for example, a function similar to that of
the assembly 11.
[0315] The assembly 501 comprises a structure 502
defining an engine compartment designed to house an
engine for the propulsion of the motor vehicle 1.
[0316] The structure 502 comprises a lower portion
503 for supporting the engine and an upper portion
504 arranged so as to cover or protect the engine com-
partment or engine from above.
[0317] Theupper portion504 canbeconsideredpart of
the body cell 2 and, in particular, forms one single body
with the body cell 2. Therefore, the upper portion 504 can
comprise or be made of carbon fibre.

[0318] On the other hand, the lower portion 503 is
made of a more ductile material than that of the upper
portion 504, i.e. in particular aluminium.
[0319] In addition, the assembly 501 comprises a rear
suspension attachment structure 505 ("shock tower"), in
particular havinga function similar to the structure 12. For
example, the structure 505 is internally hollowand canbe
manufactured with the same method described for the
structure 12.
[0320] The upper portion 504 and the lower portion
503, i.e. the structure 502, are connected and, more
particularly, fixed to the structure 505, which is arranged
immediately behind the structure 502 according to the
travel direction of the motor vehicle 1.
[0321] In other words, the structure 502 is arranged
between the passenger compartment 200 and the struc-
ture 505.
[0322] Like the structure 12, the structure 505 also has
a plurality of attachments 15, which can be part of the
structure 505.
[0323] Behind the structure 12, the frame 100 or the
assembly 501 further comprises a further crash box, this
time a rear crash box, comprising in turn absorption
elements 516, 517, 518 with a function and an arrange-
ment with respect to the structure 505 substantially si-
milar to that of the elements 16, 17, 18with respect to the
structure 12.
[0324] The elements 516, 517 are fixed with respect to
the structure 505 and extend starting from the structure
505 projecting with respect to the structure 505 towards
the rear of the motor vehicle 1.
[0325] The structure 505 is arranged between the ele-
ment 516 and the structure 502.
[0326] The element 518 comprises or rather is a cross-
bar, namely a beam, in particular a box-shaped beam,
extending transversely and,more precisely, orthogonally
to the travel direction of the motor vehicle 1.
[0327] The element 518 has two ends fixed to the
elements 516, 517, respectively.
[0328] To sum up, according to the travel direction of
themotor vehicle 1, the frame 100 has in succession, i.e.
according to a sequential arrangement: the crash box
comprising the elements 16, 17, 18, preferably compris-
ing or made of aluminium; the structure 12 preferably
comprising or made of aluminium; the body cell 2 (in-
cluding the upper portion 504, in particular) preferably
comprising ormade of carbon fibre; the lower portion 503
preferably comprising or made of aluminium and ar-
ranged under the upper portion 504; the structure 505
preferably comprising or made of aluminium; and the
crash box comprising the elements 516, 517, 518 pre-
ferably comprising or made of aluminium.
[0329] Owing to the above, the advantages of the
frame 100 according to the invention are evident.
[0330] The choice of materials for each of the de-
scribed components of the frame 100 is optimized to
minimize the overall weight of the frame 100 and, hence,
of the vehicle 1.
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[0331] This choice is the result of in-depth research
and optimization by the Applicant, including simulations
and experiments on the frame 100.
[0332] Furthermore, the describedmanufacturing pro-
cesses of the components are particularly simple, effec-
tive and inexpensive.
[0333] The arrangement and materials of the de-
scribed components of the frame 100 are such as to
optimize the overall dimensions, facilitating the installa-
tion of devices useful for the operation of the motor
vehicle 1.
[0334] Furthermore, the frame 100 is extremely dur-
able and safe, despite being lighter than other known
frames.
[0335] Finally, the frame100according to the invention
can be subject to changes and variants, which, though,
do not go beyond the scope of protection set forth in the
appended claims.
[0336] In particular, the number and shape of the com-
ponents described and shown herein could be different.
[0337] Furthermore, each described range is to be
interpreted as a plurality of alternative individual values.
Each individual numerical value within the range is to be
considered as specifically described, even if not explicitly
mentioned.
[0338] Finally, the term "collapsible" is meant in a re-
lative manner with respect to the attachment portion 13,
in particular meaning more collapsible than the attach-
ment portion 13, provided that a preferredmaterial for the
collapsible portion 20 is a ductile material, such as for
example aluminium.

Claims

1. A frame (100) for amotor vehicle (1), the frame (100)
comprising

- a body cell (2) defining a passenger compart-
ment (200) of the motor vehicle (1),
- a front suspension attachment structure (12)
comprising an attachment portion (13) fixed to
the body cell (2),
- an engine compartment structure (502) fixed
relative to the body cell (2) and defining an
engine compartment to house an engine for
the propulsion of the motor vehicle (1), the en-
gine compartment structure (502) comprising a
lower portion (503) for supporting the engine
and an upper portion (504) for covering the
engine compartment from the top,
- a rear suspension attachment structure (505)
fixed to theengine compartment structure (502),
the engine compartment structure (502) being
arranged between the passenger compartment
(200) and the rear suspension attachment struc-
ture (505) according to a first straight axis (D),
- one or more attachment elements (15) fixed

relative to the front suspension attachment
structure (12) and/or to the rear suspension
attachment structure (505) and configured to
permit a couplingof suspensions (3) of themotor
vehicle (1) to the frame (100) in an area for
placing the suspensions (3),
- a front absorptionelement (16) toabsorba front
crash of the motor vehicle (1), the front absorp-
tion element (16) being distinct from the front
suspension attachment structure (12), being
fixed relative to the front suspension attachment
structure (12) and extending along the first
straight axis (D) from the front suspension at-
tachment structure (12) to anend (16a) opposite
with respect to the front suspension attachment
structure (12), the front suspension attachment
structure (12) being arranged between the front
absorption element (16) and the body cell (2)
according to the first straight axis (D),
- a rear absorption element (516) to absorb a
rear crash of the motor vehicle (1), the rear
absorption element (516) being distinct from
the rear suspension attachment structure
(505), being fixed relative to the rear suspension
attachment structure (505) and extending along
the first straight axis (D) from the rear suspen-
sion attachment structure (505), the rear sus-
pension attachment structure (505) being ar-
ranged between the rear absorption element
(516) and the engine compartment structure
(502) according to the first straight axis (D),

wherein

- the front absorption element (16) and the rear
absorption element (516) comprise aluminium,
- the front suspension attachment structure (12)
and the rear suspension attachment structure
(505) comprise aluminium,
- the lower portion (503) comprises aluminium,
and
- the upper portion (504) comprises carbon fiber,

wherein the body cell (2) comprises

- at least one shell (310) comprising carbon fiber
and at least two first walls (311, 312) facing one
another so as to define a cavity (313) between
the first walls (311, 312), and
- one ormore partitions (324) comprising carbon
fiber arranged inside the cavity (313) according
to an arrangement and each extending trans-
versally to the first walls (311, 312) between two
first ends respectively connected to the first
walls (311, 312) seamlessly.

2. The frame according to claim 1, a channel (120)
extending with continuity through the front absorp-
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tion element (16) and the front suspension attach-
ment structure (12) between an inlet opening (121)
obtained at said end (16a) along the first straight axis
(D) and an outlet opening (122) obtained in the front
suspension attachment structure (12) along a fourth
axis (H) transversal to the first straight axis (D) to-
wards the area for placing the suspensions (3).

3. The frame according to claim 2, wherein the front
suspension attachment structure (12) further com-
prises a collapsible portion (20) located between the
front absorption element (16) and the attachment
portion (13) according to the first straight axis (D), the
collapsible portion (20) having a first compression
stiffness that is equal to or greater than a second
compression stiffness of the front absorption ele-
ment (16) and smaller than a third compression
stiffness of the attachment portion (13).

4. The frame according to claim 3, further comprising a
steering box (7) comprising a steering tie rod (40) for
steering a wheel hub (5) of the motor vehicle (1), a
tubular casing (41) extending along a second
straight axis (C) and a transmission element coupled
to the steering tie rod (40) and to the tubular casing
(41) so as to be axially movable along the second
straight axis (C) inside the tubular casing (41),
wherein the tubular casing (41) is rigidly fixed to
the front suspension attachment structure (12).

5. The frame according to claim 4, wherein the collap-
sible portion (20) has an end (21) according to a third
axis (H) orthogonal to the first straight axis (D) and to
the second straight axis (C), the end (21) having a
recess (22) extending in depth along the third axis
(H) and crossed by the steering box (7) along the
second straight axis (C).

6. The frame according to claim 5, further comprising
an absorber body (24) and releasable fixing means
(25) fixing the absorber body (24) to the collapsible
portion (20) in a releasable manner at the recess
(22).

7. The frame according to claim 6, further comprising

-acrossbar (211) toconstituteasupport base for
a windshield (206) of the motor vehicle (1), and
- a pair of uprights (212) respectively fixed at
opposite endsof the crossbar (211) soas to form
an area with a closed contour for placing the
windshield (206),
wherein the crossbar (211) comprises a first wall
(214) facing away from said areawith the closed
contour,
the frame further comprising a duct (220) ex-
tending through the crossbar (211) between a
first opening (221) obtained on a second wall

(217) of the crossbar (211) and a second open-
ing (222)obtainedon thefirstwall (214),wherein
the first wall comprises a concave portion (223),
which is concave towards the opposite side with
respect to said area with the closed contour, the
second opening (222) being obtained on the
concave portion (223).

8. A manufacturing method of the frame (100) accord-
ing to any of the preceding claims, the method com-
prising the steps of

a. providing a first mould (340) having inner
mould walls (343, 344) configured to define said
cavity (313),
b. fixing the previously cured partitions (324) to
the first mould (340) according to said arrange-
ment inside said cavity (313) and at first inner
mouldwalls (343) of said innermouldwalls (343,
344),
c. placing a plurality of raw carbon fibre sheets
(358) on second inner mould walls (344) of said
inner mould walls (343, 344) in positions
adapted to form at least one of said first walls
(311, 312), and
d. baking the raw carbon fibre sheets (358) ar-
ranged inside the first mould (340) together with
the partitions (324) in an autoclave,
e. forming a second sand casting mould (411),
which reproduces an internally hollow shape of
the front suspension attachment structure (12)
or the rear suspension attachment structure
(505) and internally contains at least a lost core
(412), and
f. feeding, at low pressure, molten metal (414)
into the second sand casting mould (411).

9. The method according to claim 8, wherein the parti-
tions (324) are arranged inside the first mould (340)
dividing the cavity (313) into a plurality of separate
compartments (332).

10. The method according to claim 9, wherein the first
mould (340) has a plurality of through openings
(361), which respectively establish a connection be-
tween the compartments (332) and theoutside of the
first mould (340), the process further comprising the
step of placing respective bags (360) inside the
compartments (332) in the first mould (340) so that
the bags (360) have respective air inlets (363) on the
outside of the first mould (340) through the through
openings (361), the air inlets (363) being adapted to
allow pressurized air to flow into the bags (360),
wherein the first mould (340) contains the bags
(360) inside the compartments (332) during step
d., so that pressurized air of the autoclave inflates
the bags (360) during the baking, thereby pressing
the raw carbon fibre sheets (358) against the second
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inner mould walls (344) during the baking.
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